Abstract. This study investigated the decadal variation of the direct surface solar radiation (DiSR) and the diffuse surface solar radiation (DfSR) during in the Shanghai megacity as well as their relationships to Aerosol Optical Depth (AOD) under clear-sky conditions. Three successive periods with unique features of long term variation of DiSR were identified for both clear-sky and all-sky conditions: a "dimming" period from the late 1960s to the mid 1980s, a "stabilization"/"slight brightening" period from the mid 1980s to the mid 1990s, and a "renewed dimming" period thereafter. During the two dimming periods of DiSR, DfSR brightened significantly under clear-sky conditions, indicating that change in atmospheric transparency resulting from aerosol emission has an important role on decadal variation of surface solar radiation (SSR) over this area. The analysis on the relationship between the Moderate-resolution Imaging Spectroradiometer (MODIS) retrieved AOD and the corresponding hourly measurements of DiSR and DfSR under clear-sky conditions clearly revealed that AOD is significantly correlated and anti-correlated with DfSR and DiSR, respectively, both above 99% confidence in all seasons, indicating the great impact of aerosols on SSR through absorption and/or scattering in the atmosphere. In addition, both AOD and the corresponding DiSR and DfSR measured during the satellite passage over Shanghai show obvious weekly cycles. On weekends, AOD is lower than the weekly average, corresponding to higher DiSR and lower DfSR, while the opposite pattern was true for weekdays. Less AOD on weekends due to the reduction of transportation and industrial activities results in enhancement of atmospheric transparency under cloud free conditions so as to increase DiSR and deCorrespondence to: C. Li (ccli@pku.edu.cn) crease DfSR simultaneously. Results show that aerosol loading from the anthropogenic emissions is an important modulator for the long term variation of SSR in Shanghai.
Introduction
Solar radiation at the Earth's surface (surface solar radiation, SSR) is the ultimate energy source for life on the planet. It governs diverse surface processes, such as evaporation and associated hydrological cycles. Various studies analyzing long-term surface radiation measurements suggested a widespread decrease in SSR between the 1950s and 1980s ("global dimming") and a partial recovery or level off beyond the 1990s, which is in line with some independent long-term proxy observations of sunshine duration, diurnal temperature range, pan evaporation and more recently satellite-derived estimates (Wild et al., 2005; . A number of studies which focus on the region of China discovered some similar results on SSR variations. For example, Liang and Xia (2005) found an overall decreasing trend in SSR in China between 1961 and 2000 by an average of 3.3% decade −1 (∼5 W m −2 decade −1 ) at 38 out of 42 sites, while Che et al. (2005) concluded a decrease of 4.5 W m −2 decade −1 at 64 sites over the same time period. Similarly, for the period between 1955 and 2000, Qian et al. (2006) determined an average decrease of 3.1 W m −2 decade −1 in SSR at 85 sites in China, and Shi et al. (2008) found a decreasing trend of 2.5% decade −1 (∼3.8 W m −2 decade −1 ) with a more pronounced dimming of 4.6% decade −1 for the sub-period of 1961 to 1989.
The decadal and inter-annual variations of SSR can be caused by many reasons, such as changes of cloud optical properties, radiative active gases, and mass and optical properties of aerosols. Of these causes, clouds and aerosols have been regarded as the most important ones to explain the dimming and brightening phenomenon. These two candidates are not completely independent of each other because of their interactions in various ways. The question of which one is the more important contributor for changing the SSR is not confirmed by previous studies because the relative importance of aerosols, clouds and aerosol-cloud interactions may differ depending on the region and pollution level . Several studies suggested that the increasing anthropogenic aerosol amount due to air pollution is a major factor for the SSR decreasing between the 1960s and the 1990s in China and the subsequent partial recovery in SSR is also in line with some reduction in fossil fuel emissions (Che et al., 2005; Streets et al., 2006; Qian et al., 2007) . As is broadly agreed in recent studies, the cause of dimming and/or brightening is quite inconsistent in regions depending on different influence factors of SSR. It was revealed by Norris and Wild (2009) that aerosol was the major modulator in the first half of the SSR trend during 1971-1989, while cloud cover reduction was the major modulator in the second half of the SSR trend during 1990-2002 in China. Xia (2010) suggested a complex spatial-temporal variation of decadal trends in SSR with a renewed dimming during 1991-2005 in North China, while a slight brightening appeared in South China. Now that the SSR variations tend to be more complicated in different regions especially since the new millennium, it suggests that the influences of aerosols and/or clouds as well as their interactions on SSR are strongly dependant on regional climate and pollution levels. Consequently, investigations on SSR and associated factors in some typical areas such as megacities or remote sites are necessary for the purpose to better understand the leading cause of SSR variations in a more detailed and accurate way.
In recent years, long-term SSR records were investigated under all-sky and clear-sky conditions to exclude possible effects of changes of cloud cover and cloud properties on SSR. Furthermore, the partition of SSR into direct surface solar radiation (DiSR) and diffuse surface solar radiation (DfSR) provides additional insight to analyze the origins of SSR dimming and brightening (Che et al., 2005; Qian et al., 2007) . Clear-sky changes in China, which have been studied by Qian et al. (2006) , showed a downward trend from the 1960s to the 1990s and a partial recovery thereafter, which is in line with the changes noticed under all-sky conditions. As is well known, aerosols can change SSR by scattering and/or absorbing solar radiation in its transfer path from the top of atmosphere to the Earth surface. However, the columnintegrated aerosol observation such as Aerosol Optical Depth (AOD) has not been used directly to investigate its impact on SSR variation in China because of the lack of relative long term AOD observations and high temporal resolution of SSR records (at least hourly data). Streets et al. (2006) suggested that a two-decadal trend between 1980 and 2000 of SO 2 and black carbon which together contribute about onethird of global aerosol optical depth has been thought as a likely explanation of the global dimming/brightening transition. The goal of this study is to elucidate the role of aerosol on the secular variation of SSR through analysis on AOD, DiSR and DfSR measured in Shanghai, the largest megacity of China, and to investigate a new insight into the origin of dimming and brightening in the east china monsoon region Li et al., 2010) . This paper is organized as follows. Data and methodology are presented in Sect. 2. In Sect. 3.1, analyses on decadal variations of DiSR and DfSR under clear-sky and all-sky conditions are conducted to determine the impact of aerosol on SSR. In Sect. 3.2, relationships between AOD and DiSR and DfSR are investigated. The weekly variations of AOD as well as the corresponding hourly DiSR and DfSR measured during the satellite passage are studied in Sect. 3.3. The discussion and conclusions are given in the last section.
Data and methodology

Data
There is only one pyranometer site (31.17 • N, 121.43 • E) in the surrounding area of the Shanghai megacity. It is a classone site of Chinese Meteorological Administration (CMA) located in an industrial area and belongs to the SSR monitoring network of CMA. SSR, DiSR and DfSR have being measured at this site since the end of 1950s. The Yanishevsky thermoelectric pyranometer was used to measure SSR before 1991 and since then was replaced by the DFY-4 pyranometer. The uncertainty of the measurements has been estimated to be less than 5% (Shi et al., 2008) . Daily DiSR and DfSR data measured at this site from 1961 to 2008 are used in this study to examine their decadal variations except for the year 1991 because of the instrument replacement. Groundbased observations of Total Cloud Cover (TCC) from 1961 to 2008 at the same site are also used to determine the clear-sky condition which is defined as daily mean TCC (an average of 4 TCC observations each day at 02:00, 08:00, 14:00:00 and 20:00:00 LT) is less than 0.10 (Qian et al., 200) ]. The aforementioned DiSR, DfSR and TCC data were provided by the Climate Data Center, Chinese Meteorological Bureau (CDC/CMA) and have partially been used in several studies in the past to investigate secular trends of SSR and cloud cover in China (e.g., Qian et al., 2006 Qian et al., , 2007 Xia, 2010) .
The ground-based AOD monitoring in Shanghai started from 2007 with data for less than 2 years. Thus the AOD product from the MODIS is selected in this study due to its relatively long term record and high accuracy. The MODIS instrument is one of the first passive satellite radiometers designed to retrieve aerosols over land and ocean. The instrument aboard the Terra (EOS AM) and Aqua (EOS PM) satellites provides high radiometric sensitivity (12 bit) in 36 spectral bands ranging in wavelength from 0.4 µm to 14.4 µm (http://modis.gsfc.nasa.gov/about/design.php). Kaufman et al. (1997) introduced an approach to retrieve aerosols over land from the MODIS measurements. The algorithm has been modified periodically and designated by different versions of collections since the launch of MODIS (Remer et al., 2005) . Previous validation of the MODIS collection 005 showed much improved retrievals of AOD Mi et al., 2007) . This data has been widely used for aerosol and climate change related studies in China (e.g., Chu et al., 2002; Li et al., 2003; Yang et al., 2010) . The daily level-2 AOD data (Collection 005) at 550 nm from the Terra and Aqua MODIS aerosol products (MOD04 L2, MYD04 L2) are applied in this study. For the consistence in location and time of observations between AOD and SSR, we extracted the MODIS AOD over a 10 × 10 km area, exactly covering the ground SSR site from both Terra and Aqua, which overpass Shanghai once a day at 09:00:00-10:00:00 LT (Terra) and 13:00:00-14:00:00 LT (Aqua). Therefore, the AOD used herein are composed of Terra-AOD and Aqua-AOD, each covering a period of 4 years from 1 January 2004 to 31 December 2007. Herein the AOD measurements with values are greater than 2.0 have been removed due to the large uncertainty in AOD retrieval algorithm which resulted in overestimate of MODIS AOD in and around Shanghai area (Pan et al., 2010) . The DiSR and DfSR measured during 09:00:00-10:00:00 LT and 13:00:00-14:00:00 LT, corresponding to the passage of Terra and Aqua, respectively, are also collected. Consequently, one valid Terra-AOD record corresponds to one DfSR and DiSR measurement, denoted as Terra-DiSR and Terra-DfSR, respectively. The same is done for Aqua-AOD and the corresponding Aqua-DiSR and Aqua-DfSR.
Methodology
A 5-year moving average is used to describe the temporal change of DiSR and DfSR, especially to distinguish the dimming and brightening periods in their secular variations. The linear regression method is used to estimate the magnitude of dimming/brightening by W m −2 decade −1 with a t-test of 90% confidence or greater. The long term variations of DiSR and DfSR are investigated under both all-sky and clear-sky conditions. The linear regression is also done to analyze the relationship between AOD and corresponding DiSR and DfSR under clear-sky conditions in different seasons. The ttest method is also applied to determine whether the slope of the fitted trend is significant enough to have the confidence level reach 90% or greater.
Terra-AOD and the corresponding Terra-DiSR and TerraDfSR are examined for their weekly variations and the impact of AOD on DiSR and DfSR. The same procedure is also performed for Aqua-AOD and the associated Aqua-DiSR and DfSR in order to study the role of aerosol on SSR more fully and rigorously. All of the data used for weekly analysis meet the following requirements: the variable should be observed at least 2 days per week, of which at least 1 day among the weekdays (Tuesday to Friday) and 1 day among the weekends (Saturday to Monday). We choose to define the weekends as a 3-day period (from Saturday to Monday) rather than 2-day period (Saturday and Sunday) for the purpose of more robust statistics (Xia et al., 2008) . All daily data for a week are converted as a percentage departure (%) from the weekly average. This method can render weekly cycle evidently and has been carried out by Peterson et al. (1981) and Smirnov et al. (2002) for weekly analysis on AOD. Similar with the analysis technique for AOD weekly variation by Xia et al. (2008) and Quaas et al. (2009) , we introduce the "weekend effect" to quantify the variable difference between weekdays and weekend. It is defined as the percentage difference of averaged departure of Tuesday, Wednesday, Thursday and Friday from the weekly average, and that of Saturday, Sunday and Monday, in order to quantify the variable difference between weekdays and weekends. The statistical significance is indicated when it exceeds a 90% confidence level based on the t-test technique.
Results
The dimming and brightening characters in the secular variations of DiSR and DfSR
Figures 1 and 2 present the long term variations of DiSR and DfSR from 1961 to 2008 under clear-sky and all-sky conditions, respectively. By 5-year average smoothing, the secular trends of DiSR in clear-sky and all-sky days are both divided into three successive periods, ranging from the end of 1960s to the mid 1980s, then to the mid 1990s, and thereafter. These three periods can be described as "dimming", "stabilization", and "renewed dimming" for clearsky days, and "dimming", "slight brightening", and "renewed dimming" for all-sky days. (8.3% decade −1 ) with 99% confidence. However, the oscillated inter-annual variability of DfSR was observed in all-sky days with a few peaks around 1982, 1992 and 2007 without a very significant increasing trend compared to that in a cloud free condition. Similar studies have also been conducted by Qian et al. (2006) and they suggested that the lack of increase in all-sky diffuse radiation might be due to the concurrent decrease in cloudiness.
It is noteworthy to mention that during the two dimming periods of DiSR, DfSR presented an opposite trend of remarkable brightening under clear-sky conditions by 9.7 W m −2 decade −1 (16% decade −1 ) and 15.5 W m −2 decade −1 (22% decade −1 ), respectively, and both above 99% confidence. DfSR also leveled off from the mid 1980s to the mid 1990s corresponding to the stabilization of DiSR during the same period. An increase in the diffuse radiation can be expected in areas with strong dimming of DiSR owing to enhanced scattering in the atmosphere from the increased aerosol loads under clear sky conditions. It implies that increased aerosol loading resulting in a decrease in atmospheric transparency plays an important role on DiSR dimming and corresponding brightening of DfSR on cloud-free days in the Shanghai megacity. 
The relationships between AOD and DiSR and DfSR
Atmospheric aerosols can directly modify SSR by scattering and/or absorbing solar radiation during its path from the top of the atmosphere to the surface of the Earth. In general, increasing column-integrated aerosols can lead to a decline in DiSR under clouds free conditions. However, if the increasing aerosols have not yet exceeded a threshold they will lead to an increase in DfSR, otherwise, the extreme heavy aerosol loading will also lead to a decline in DfSR (such as heavy dust-storm). In this section, the relationships between AOD and DiSR and DfSR under cloud free condition are investigated based on the MODIS AOD and corresponding hourly DiSR and DfSR measurements in Shanghai. We can see that AOD is significantly correlated with DfSR, and anti-correlated with DiSR in all seasons, both above 99% confidence, indicating that the increase (decrease) of AOD will change the atmospheric transparency notably so as to enhance (decline) the DfSR, and decline (enhance) the DiSR simultaneously. DiSR and DfSR are affected by AOD most significantly in spring with a −1.19 W m −2 decrease and a 0.735 W m −2 increase per 0.1 AOD increase, respectively, with above 99% confidence. The significant relationships between AOD and DiSR and DfSR abovementioned directly proved the great impact of ambient aerosol on SSR under clear skies. Thus we speculated that aerosol is a potential modulator for SSR dimming and brightening during its long term variations. The difference of the correlations between AOD and SSR among spring, summer, autumn and winter indicates the seasonal variations of the aerosol optical properties. Based on the MODIS AOD measurements from 2004 to 2007, the mean Terra AOD in Shanghai megacity is 1.00, 0.98, 0.69, 0.66, and the mean Aqua AOD is 1.06, 0.97, 0.73, 0.72 for spring, summer, autumn, winter respectively. It is worth to note that the AOD in Shanghai megacity show obvious seasonal difference, in spring and summer AOD is much higher than that in autumn and winter. This is possibly attributed to the regional climate which has an important role on the dynamical and chemical processes of aerosol such as the peripheral aerosol transportation, mixing layer height which impacts the aerosol vertical distribution, as well as the gasparticulate transformation (Li et al., 2003) . In spring, frequent dust storm originated from North China can affect east of China significantly (Li et al., 2003) . The migration of the dust storm transports large number of coarse particulate matters from north to south in China, thus enhancing the aerosol level and leading to high AOD in the Yangtze Delta region including Shanghai megacity. In summer, the weather in Shanghai is typically hot and wet, which is beneficial for the gas-particulates transformation process and the hydroscopic increasing in diameter size of water-soluble aerosols. The two processes tend to mutually result in high AOD in this season despite the wet removal on ambient aerosol by precipitation during Meiyu period. In autumn and winter, AOD values in Shanghai decrease dramatically compared to those in spring and summer, and usually reach the minimum in winter. In these two seasons, Shanghai is always controlled by the cold high pressure. The westerly and northerly prevail in this area with high velocity both on surface and high level, leading to good dispersion condition for airborne pollutants. Therefore in autumn and winter the AOD is quite lower than that in the other two seasons. As pointed out by Li et al. (2003) , besides regional climate, there are some other elements can influence the vertical distribution of aerosol significantly such as Land Use/Land Cover Change (LUCC), local emission, etc. So detailed investigations on the seasonal variation of AOD in Shanghai megacity should be performed in the future studies.
Weekly cycles of AOD, DiSR, and DfSR
As we known, aerosol can be exhausted from either anthropogenic origins such as industrial activities and transportations, or natural sources e.g., sea salt and volcanic eruption. Both of them can modify SSR by scattering and/or absorbing solar radiation in the atmosphere. Streets et al. (2009) estimated that natural contributions to aerosol optical depth over 1980 to 2006 showed no significant trends (<1% year −1 ), except for a small increase in Europe and a small decrease in South America and Southeast Asia. This suggests that anthropogenic aerosols indeed play a dominant role in the decadal variations of aerosol optical depth, furthermore affect SSR changes probably in many areas. In this section, we will depict the impact of anthropogenic activities on AOD and corresponding DiSR and DfSR by weekly analysis.
Based on multi-year MODIS AOD data, Xia et al. (2008) reported that during the weekdays, the MODIS AOD over much of eastern China is generally less than that during the weekends, especially in the Yangtze River Delta (YRD) region. On the other hand, measurements made in Shanghai indicate that the surface concentration of NO, NO 2 , O 3 and surface Aerosol Scattering Coefficient (ASC) exhibit clear weekly cycles. During the weekdays, NO x and ASC are significantly larger, while O 3 is lower than that during the weekends (Geng et al., 2008; Xu et al., 2009 ). These cycles are likely due to the anthropogenic activities, such as traffic and industrial related emissions, which are reduced during the weekend. Studies done for the large cities in the US and Central Europe also showed the similar weekly cycles for AOD (Jin et al., 2005; Bäumer et al., 2008) .
The seemingly inconsistency of AOD weekend effects between Xia et al.'s (2008) study and those of Geng et al. (2008) and Xu et al. (2009) are perhaps because Xia et al. (2008) used the MODIS Terra level-3 products (collection 005) with 1 • × 1 • resolution, which represents the characteristics of AOD in a large scale. Furthermore, the ground-based AOD observation Xia et al. (2008) used is over a rural site which is located at the edge of the Taihu Lake, and is about 150 kilometers away from the Shanghai megacity. They found that AOD at 440 nm on Sunday exceeds the weekly mean by 10% at this site. In this study, we use both Terra and Aqua AOD data from MODIS level-2 products (collection 005) with much finer resolution of 10 km × 10 km, thus has the ability to reveal the AOD variation in more detail within a limited area. In fact, on an urban scale, the weekend effect of AOD has been reported in some megacities (Jin et al., 2005) , such as New York City, which has much similarity with Shanghai in terms of urban area, population, and the amount of vehicles in the city.
In Fig. 7 , Terra-AOD is obviously lower on Saturday and Sunday than its weekly average, which is corresponded by the significance of higher DiSR and lower DfSR in the same days, while on Wednesday and Friday, it exhibits an opposite pattern in which greater Terra-AOD is observed and simultaneously accompanied by higher DfSR, and less DiSR than their weekly averages. Through the analysis of weekly cycles for 104 weeks, the mean weekend effect of Terra-AOD, Terra-DiSR and Terra-DfSR are determined to be 2.5%, −10.1% and 6.7%, respectively, and all above 90% confidence. Aqua-AOD (in Fig. 8 ) is remarkably smaller on Monday and Sunday, with higher DfSR and lower DiSR compared to their weekly averages. On the contrary, on Tuesday, Thursday and Friday, Aqua-AOD is larger than the weekly average. Meanwhile, Aqua-DfSR and Aqua-DiSR are higher and lower than their weekly averages, respectively. The averaged weekend effect of Aqua-AOD calculated from a total of 76 weeks' valid data is 5.2% and the corresponding weekend effects of Aqua-DiSR and Aqua-DfSR are −4.18% and 2.7%, respectively. On average, both Terra and Aqua AOD on weekends are lower than that on weekdays perhaps due to the reduced anthropogenic aerosol emissions resulting from the lessening of transportation, industrial production and other human activities on weekends. Reduced AOD on weekends significantly enhanced atmospheric transparency under cloud free conditions so as to increase the DiSR and decrease the DfSR. It is suggested that aerosol loading exhausted from anthropogenic activities has an important role on SSR in Shanghai through the scattering and/or absorbing of incoming solar radiation on clear-sky days.
In addition to the instruments aboard on the satellite, AOD can also been measured by the ground-based equipments. In 2007, Shanghai meteorological bureau started to operate ground-based AOD measurements in an urban site which is located in the Shanghai Pudong New Area (31.22 • N 121.55 • E). This site belongs to the China Aerosol Remote Sensing Network (CARSNET) and is about 15 km away from the pyranometer site where DiSR and DfSR were measured. The Cimel 318 sun/sky radiometer is applied to AOD observations at this site. Detailed information about the instrument calibration and data processing method has been introduced by Pan et al. (2010) . For the purpose of examining the AOD weekend effect in the Shanghai megacity more comprehensively, daily mean AOD measured at 440 nm in this ground-based urban site from 16 February 2008 to 18 February 2009 are analyzed herein to investigate its weekly variations.
The weekly cycle of percentage departure of AOD from the weekly average observed at the Pudong ground-based site is presented in Table 1 . The maximum AOD occurs on Thursday and is 15.5% larger than the weekly average. Saturday and Sunday have the two minimum AODs during the week and are lower than the weekly average by 17.6% and 6%, respectively. The weekend effect of the AOD observed at this ground-base site is 10.7% based on the 38 weeks of valid data, which is in line with the weekend effect as seen from the MODIS AOD analysis. Furthermore, the ASC measured in the same site also showed a similar weekly character that the diurnal concentration of ASC on weekend was significantly lower than that on weekdays (Xu et al., 2009 ).
Discussions and conclusions
The decadal variation of SSR plays an important role on global and regional climate change. Since the global dimming and partial brightening of SSR has been reported from global to regional scales, more and more studies pay great attention to the contributions of aerosols or/and clouds on SSR. Fig. 7 , but for the AOD data are from the MODIS Aqua products at 550 nm. Aqua overpasses Shanghai between 13:00:00-14:00:00 LT each day. The DiSR and DfSR data are measured from 13:00:00 to 14:00:00 LT, in line with the satellite passage.
However these two factors interact strongly with each other and are difficult to be treated individually. Investigation on SSR variations under clear-sky condition has been regarded as an effective way to exclude the impact of cloud on SSR so as to explore solely the contribution of aerosols. Several studies have already shown that the SSR dimming before the mid 1980s in China was caused by the increasing aerosol loading during that time (e.g., Che et al., 2005; Streets et al., 2006; Qian et al., 2006 Qian et al., , 2007 Shi et al., 2008; Wild et al., 2009) . In this study, we reveal the three successive periods of dimming, stabilization and renewed dimming in the secular variation of DiSR during 1961-2008 under clearsky conditions in Shanghai. During the two dimming periods of DiSR, DfSR brightened significantly, indicating that the above mentioned dimming and brightening of DiSR and DfSR, respectively, on clear-sky days are the consequence of the decline in atmospheric transparency due to the change of aerosol emissions. Through the analysis on relations between the MODIS AOD records and associated hourly measurements of DiSR and DfSR, it has been found that AOD shows significant correlation and anti-correlation with DiSR and DfSR, respectively, and both above 99% confidence in all seasons. It further proved that ambient aerosols have important impacts on SSR by changing the atmospheric transparency due to the abilities of absorption and/or scattering of SSR.
Aerosols come from not only anthropogenic origins but also natural sources. We conducted the preliminary study on the influence of human activities on SSR by performing weekly cycle analysis on Terra-AOD and Aqua-AOD as well as the corresponding DiSR and DfSR. We found that both Terra and Aqua AOD show clear weekend effects. On weekends, AOD is lower than the weekly average, corresponded by higher DiSR and lower DfSR. While on weekdays, AOD, DiSR, and DfSR show opposite patterns compared to those on weekends. Higher AOD and DfSR, and lower DiSR are observed simultaneously. Less AOD on weekends due to the reduction of transportation and industrial production enhanced atmospheric transparency under cloud free conditions so as to increase the DiSR and decrease the DfSR. It is suggested that aerosol loading related to anthropogenic activities is an important modulator for decadal variation of SSR.
In addition to aerosol loading, aerosol compositions also change with the changes of the fuel types and the development of fuel utilization technology, which in turn will modify the aerosol scattering and/or absorption abilities. The change of scattering and absorption characteristics of ambient aerosols is a key in understanding the contribution of anthropogenic aerosols on SSR. However, it is beyond the scope of this study, but will be investigated in the future studies to further understand the impact of aerosols on direct and diffuse radiation.
